We present results of a search for a new form of hadronic matter, a six-quark, dibaryon state called the H 0 , a state predicted to exist in several theoretical models. Analyzing data collected by experiment E799-II at Fermilab, we searched for the decay H 0 ! Lpp 2 and found no candidate events. [6] . In recent years, production models based on empirical data with few assumptions built into them have allowed experimentalists to gauge the sensitivity of their results. In particular, the combined results from three recent experiments [6] [7] [8] It is expected that an H 0 can be produced in pN collisions through hyperon production, where two strange quarks are produced, followed by the coalescence of a hyperon and a baryon to form a bound six-quark state.
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We present results of a search for a new form of hadronic matter, a six-quark, dibaryon state called the H 0 , a state predicted to exist in several theoretical models. Analyzing data collected by experiment E799-II at Fermilab, we searched for the decay H 0 ! Lpp 2 and found no candidate events. We place an upper limit on ͓B͑H 0 ! Lpp 2 ͒ds H ͞dV͔͑͞ds J ͞dV͒ and, in the context of published models, exclude the region of lightly bound mass states just below the LL mass threshold, 2.194 , M H , 2.231 GeV͞c 2 , with lifetimes from ϳ5 3 10 210 sec to ϳ1 3 10 23 sec.
PACS numbers: 14.20.Pt, 12.39.Ba, 13.75.Ev, 13.85.Rm In 1977, Jaffe [1] proposed the existence of a metastable dibaryon, the H 0 (hexa-quark), a bound six-quark state (B 2, S 22), described as H 0 juuddss͘. If it exists, this hadron would be a new form of matter. The observation of a bound dibaryon would enhance the understanding of strong interactions and would aid in the search for additional exotic-multiquark states [2] .
The two-flavor six-quark state is unbound [3] . Jaffe estimated that the color-hyperfine interaction between the six quarks of the three-flavor juuddss͘ state would be strong enough to cause the H 0 to be a bound state. Different theoretical models have produced a multitude of predictions for M H , covering a broad mass range from deeply bound states to unbound states [4] . Most of the predictions, however, are clustered in the range of 2.1 GeV͞c 2 up to a few MeV͞c 2 above the M LL threshold of 2.231 GeV͞c 2 . If M H is between the M Ln (2.055 GeV͞c 2 ) and M LL thresholds, it is expected to be a metastable state and undergo a DS 1 weak decay. Its lifetime is estimated to be less than ϳ2 3 10 27 sec [5] , while baryonic DS 1 weak decays suggest a lower limit on the lifetime of ϳ1 3 10 210 sec. Using a variety of techniques, experimentalists have been trying for years to detect the H 0 , without conclusive results [6] . In recent years, production models based on empirical data with few assumptions built into them have allowed experimentalists to gauge the sensitivity of their results. In particular, the combined results from three recent experiments [6] [7] [8] 23 sec, completely covering the range of lifetimes proposed in Ref. [5] yet to be probed. It is expected that an H 0 can be produced in pN collisions through hyperon production, where two strange quarks are produced, followed by the coalescence of a hyperon and a baryon to form a bound six-quark state.
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Currently, the only model for H 0 production at Tevatron beam energies is one proposed by Rotondo [9] . His model is based on production of the doubly strange J 0 , followed by the coalescence of the J 0 with a n, predicting a total cross section of 1.2 mb. Our search for the H 0 is the first search to normalize to the doubly strange J 0 , removing the strangeness production portion from the H 0 production process, making this analysis a sensitive probe of hypernuclear coalescence.
The KTeV beam line and detector at Fermilab were designed for high precision studies of direct CP violation in the neutral kaon system (E832) and in rare K L decays (E799-II). To reduce backgrounds from long lived neutral states, the apparatus was situated far from the production target. A clean neutral beam, powerful particle identification, and very good resolution for both charged particles and photons made it a good facility to search for and fully reconstruct both the signal mode, The KTeV detector and the trigger configuration used to select events with four charged particles have been described elsewhere [10] . This Letter highlights aspects of the detector directly relevant to this analysis. A neutral beam, composed primarily of kaons and neutrons, was produced by focusing an 800 GeV͞c proton beam at a vertical angle of 4.8 mrad on a 1.1 interaction length (30 cm) BeO target. Photons produced in the target were converted in a 7.6 cm lead absorber located downstream of the target. Charged particles were removed further downstream with magnetic sweeping. Collimators, followed by sweeping magnets, defined two 0.25 msr neutral beams that entered the KTeV apparatus ( resolution CsI electromagnetic calorimeter. To distinguish electrons from hadrons, the energy (E) measured by the calorimeter was compared to the momentum (p) measured by the charged spectrometer. Electrons were identified by 0.9 , E͞p , 1.1, while pions and protons were identified by E͞p , 0.9.
Off-line, events were required to have four reconstructed charged particles. We searched for long lived H 0 's which were produced at the target and decayed in the vacuum decay region. A characteristic feature of the topology of both the signal and normalization modes is that the parent particle's true decay vertex is defined by a charged track vertex, the pp 2 vertex for the H 0 and the e 1 e 2 vertex for the J 0 . The subsequent L's decay downstream of the parent particle's vertex to pp 2 . H 0 candidates were required to pass the following selection criteria. Downstream L's were identified by requiring the ratio of the lab momenta of the p to p 2 to be greater than 3, which accepted 99.8% of the simulated signal events. Because the L decays to two particles, the transverse momentum (P T ) distribution of the decay products relative to the direction of the L exhibits a Jacobian peak at a maximum of 0.1 GeV͞c. To enhance the selection of L decays relative to background three body K L decays, where the P T distribution is peaked at 0, we required the P T of the p and the p 2 to be between 0.07 and 0.11 GeV͞c, accepting ϳ60% of the simulated signal events. To select L's further, we required the mass of the reconstructed pp 2 to fall within 65 MeV͞c 2 of M L , where the M L resolution is ϳ1 MeV͞c 2 . The charged portion of the upstream vertex is made up of a p and p 2 and has kinematics similar to a L decay. Thus, the same constraint used for the L was applied, requiring the ratio of the lab momenta of the p to p 2 to be greater than 3. Interactions in the collimator, sweeping magnets, and vacuum window produced background events with multiple vertices. Events where at least one decaying particle was short lived were removed by requiring the reconstructed H 0 and L vertices to be between 100 and 155 m from the target, ϳ5 m away from those apparatus elements.
The Fig. 2 ). The cut on P T ͑H 0 ͒ accepted 90% of the remaining simulated signal events. None of the events passed all the selection criteria.
To quantify the measurement sensitivity, we normalized to J 0 production, using data taken with the same The J 0 and H 0 are expected to have different absorption lengths in the BeO target and the Pb absorber, leading to a difference in the transmission probability (T ) for the two particles. We estimate the J 0 -nucleon (s JN ) and H 0 -nucleon (s HN ) cross sections and thus the T 's based on the assumption of isospin invariance. In addition, we utilize measured np, Lp, and deuteron-proton (dp) cross sections [11] , 40, 35, and 75 mb, respectively, to account for the effect of replacing down quarks with strange quarks; we assume that the scale factor S s Lp ͞s np can be used to correct for the substitution of a single strange quark for a down quark and S 2 for a double substitution. We then estimate s JN to be s Lp S ͑31 6 4͒ mb and s HN to be s dp S 2 ͑57 6 18͒ mb, where the assigned errors are taken to be equal to the magnitude of the correction itself. As no signal events passed all the selection criteria, the final result is presented as a 90% C.L. upper limit on the inclusive H 0 production cross section over the solid angle defined by the collimators, expressed in terms of the inclusive J 0 production cross section
where j is the factor which multiplies the single event sensitivity (SES) to give the 90% C.L. Our estimate of the SES suffers from a large relative uncertainty of ϳ50%, predominantly due to the uncertainty in determining the transmission factors. The uncertainty in the SES gives rise to a factor of j 3.06 in the determination of the 90% C.L. upper limit [12] .
The acceptances were determined from a detailed detector simulation. Because the trigger was the same for both the signal and the normalization modes and because both the signal and the normalization modes consist of four-track events with largely similar topologies, trigger and acceptance inefficiencies mostly cancel. The J 0 flux was measured using two separate triggers, each composed of different trigger elements. The discrepancy between the two flux measurements was converted into a systematic uncertainty in determining A J . Other systematic uncertainties were negligible relative to this uncertainty. A J was determined to be ͑6.93 6 0.94͒ 3 10 26 . To determine A H , the detector simulation included the H 0 production spectrum proposed in Rotondo's phenomenological model [9] . The dominant experimental uncertainty in A H comes from the simulation of proton showers in the calorimeter, where the relative uncertainty was determined to be 5.3%. For example, taking M H in the middle of the mass range we are sensitive to, M H 2.21 GeV͞c 2 , and the lifetime corresponding to the lifetime given in Ref. [5] for this mass, t H 5.28 3 10 29 sec, A H 5.64 3 10 23 . As a cross-check of Rotondo's model, which incorporates a J 0 production spectrum, we applied our measured J 0 production spectrum in the detector simulation, replacing 4 . The 90% C.L. upper limit on the ratio of the product of the H 0 branching ratio and the production cross section to the J 0 production cross section as a function of the H 0 lifetime. M H is assumed to be 2.21 GeV͞c 2 . The sensitivity scale on the right ordinate axis assumes the production model of Ref. [9] .
M J and t J with M H and t H , respectively. This lowered A H by ϳ15%. The 90% C.L. upper limit on the product of the H 0 branching ratio and the production cross section, taking into account all the uncertainties, is
In Fig. 4 , we plot the 90% C.L. upper limit on the ratio ͓B͑H 0 ! Lpp 2 ͒ds H ͞dV͔͑͞ds J ͞dV͒, studying the effect on A H of varying t H over a large range of values. For short lifetimes, the H 0 's decay before reaching the decay region, while for long lived states, only a few decay while passing through the detector. Both effects lower our sensitivity to H 0 decays. Varying M H across the full range of masses to which we are sensitive leads to a relative shift of approximately 660% from the central value of the curve plotted in Fig. 4 . Included in the figure is a line at t L ͞2 1.316 3 10 210 sec, the expected lifetime of a system made up of two lightly bound L's, which might be a lower bound on t H . To interpret the sensitivity of this result relative to the theoretical production model, we integrate the theoretical predictions for both ds H ͞dV [9] and ds J V͞dV [13] over the solid angle covered by the collimators. The right ordinate axis of Fig. 4 [5] . If the H 0 contains both S and P wave contributions, Ref. [5] estimates the lifetime could be as low as half the lifetime of the pure S wave state, worsening our sensitivity to the H 0 . The curve for the S and P wave state is derived using half the lifetime of the pure S wave.
determining the dependence of the production cross section on the mass, lifetime, and branching ratio. Figure 5 is a plot of ͑ds H ͞dV͒͑͞ds J ͞dV͒ versus M H . In this figure, the factor influencing the sensitivity the most is the H 0 branching ratio which decreases from a maximum of 14% at the M LL threshold down to zero at the M Lpp 2 threshold. The right ordinate axis of Fig. 5 shows the sensitivity of this measurement, based on Rotondo's model. Assuming Rotondo's production model, this result excludes a long lived H 0 state, as proposed in Ref. [5] , for M H between the M Lpp 2 and M LL thresholds.
To conclude, in the context of published models, our result excludes a lightly bound H 0 dibaryon over a range of mass below the M LL threshold not ruled out by previous experiments and for a wide range of lifetimes, placing stringent limits on the H 0 production process. At the 90% C.L. upper limit, this result, in conjunction with the result from experiment BNL E888 [8] , rules out the model proposed in Ref. [5] for all DS 1 transitions.
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